Hypo-and hyperthyroidism have been associated with changes in the activities of mitochondrial enzymes in homogenates of skeletal muscles, but it is unclear whether such changes were due to changes in single fibre enzyme activities or to previously documented changes in relative numbers of fibres. In this study the activities of the mitochondrial enzymes \g=a\-glycerolphosphate dehydrogenase (m-\g=a\GPDH) and succinate dehydrogenase (SDH) were measured in single fibres of the soleus and gastrocnemius muscles of the rat by cytochemical assays.
INTRODUCTION
Changes in the physiology and biochemistry of skeletal muscle have been well documented in both clinical hypo-and hyperthyroidism (Ramsay, 1966;  McKeran, Siavin, Andrews et al. 1975; Khaleeli, Griffith & Edwards, 1983) . In particular, Ramsay (1966) recorded that in hypothyroidism the proximal muscles involved in the maintenance of posture were most commonly affected, and these were all red muscles rather than white ones. Red muscles are characterized by having highly active Krebs' cycle metabolism and by containing a high proportion of slow-twitch, type I fibres whereas white muscles have high glycolytic capacities and a high proportion of fast-twitch, type II fibres (Kubista, Kubistova & Pette, 1971) .
In the rat, changes in thyroid status have also been linked with changes in the metabolism of red muscles, namely in the soleus where hyperthyroidism is associ¬ ated with a transformation of type I fibres into type II fibres and with increases in the activities of mitochondrial enzymes in homogenates of the whole muscle. Hypothyroidism, on the other hand, is associated with the reverse changes (Ianuzzo, Patel, Chen et al. 1977; Johnson, Mastaglia & Montgomery, 1980) . In white muscles, hyperthyroidism does not stimulate mitochondrial enzyme activities (Winder & Holloszy, 1977; Janssen, van Hardeveld & Kassenaar, 1978) ; such insensitivity may be due to the fact that they are composed of mainly type II fibres in which mitochondrial enzymes may already be maximally induced (Kubista et al. 1971 ). Other possible expla¬ nations for the differential sensitivities of red and white muscles to thyroid hormones include differences in innervation, blood supply and local thyroid hormone metabolism (Janssen et al. 1978) .
In order to determine whether such changes in enzyme activities of the whole muscle homogenates are due wholly to changes in muscle fibre composition or reflect true changes in mitochondrial enzyme activi¬ ties within single fibres, scanning microdensitometry was used to quantitate reaction product in tissue sections (Lomax & Robertson, 1990 (Pette, 1966) (Ladensen, Kieffer, Farwall & Ridgway, 1986) . Hyperthyroidism was induced in five rats by the presence in the drinking water of L-thyroxine (4mg/l, made from a stock 4mg/ml solution) for 6 weeks (Argov, Renshaw, Boden et al. 1988 (Hayashi & Freiman, 1966) . Sections were thawed, left for 1-5 h at 4°C in methanol-free formaldehyde fixative and rinsed in distilled water. They were then incubated for 1 h at 37°C in Tris-HCl buffer (0-1 mol/1; pH 9-4) containing CaCl2 (0018 mol/1) and Na2ATP (l'5mg/ml), and subsequently washed twice in 1% CaCl2 solution, once in 2% Co(N03)2 solution and three times each in tap water and distilled water.
Finally the sections were stained in 1% ammonium polysulphide solution for 1 min, washed again and mounted in Farrant's medium (Raymond Lamb Ltd, North Acton, London, U.K.). Comparison with serial sections reacted for myofibrillar ATPase after preincubation in acid and in alkali as detailed by Staron & Pette (1987) (Lomax, 1990) .
Lesser fibre diameter (Dubowitz, 1985) (Lomax, 1990) . The reaction medium for m-aGPDH was as validated previously (Lomax & Robertson, 1990) and TSH were 1-3 + 0-2 nmol/l, 67-7+ 21-6 nmol/l and 2-l+0-3pg/l respectively. In hypothyroidism these parameters were altered (P < 0001 ) to 0-6 + 0-1 nmol/l, 20-9+ 1-6 nmol/l and 32-0 + 5-7 pg/1 respectively, and in hyperthyroidism total T3 concentration was elevated (P < 001) to 4-7 + 2-5 nmol/l, total T4 concentration was > 130 nmol/l and TSH was undetectable (<l-0pg/l (Staron & Pette, 1987) it seems possible that they are in transition between these two classes.
With regard to the measurement of mitochondrial enzyme activities in single fibres, in this study the scanning microdensitometer sampled only the interfibrillar mitochondria in the core region of muscle fibres, and not the subsarcolemmal mitochondria located in the fibre periphery. Mitochondria from these two subcellular locations might possibly respond to thyroid hormones in different ways. However, in hypothyroidism the reductions in SDH activity in all fibres of the soleus and the lack of change in SDH activity in either fibre type of the gastrocnemius mirror changes previously described in homogenates (Ianuzzo et al. 1977; Janssen et al. 1978 (Ianuzzo et al. 1977; Winder & Holloszy, 1977) . This discrepancy could be due to contamination of soleus homogenate by extraneous m-aGPDH-rich tissues or to insensitivity of the cytochemical assay, although the latter explanation seems unlikely since cytochemical assays are usually more sensitive than conventional homo¬ genate assays (Chayen et al. 1973 (Altman, 1972) . Since Donnelan, Barker, Wood & Beechey (1970) have shown that m-aGPDH, unlike glutamate dehydro¬ genase and SDH, is located on the outer (cytoplasmic) face of the inner mitochondrial membrane it is unclear why mitochondrial disruption might increase the activity of this enzyme. A possible explanation is that in this muscle m-aGPDH may be normally 'hidden' from the cytoplasm, for example in pinched-off mem¬ brane vesicles. In fact Brdiczka & Reith (1986) 
